The effects of dietary fumonisin B, were evaluated in young turkey poults. The experimental design consisted of 3 treatments, with 24 female turkey poults allotted randomly per treatment. Day-old poults were fed diets containing 0 mg (feed control), 100 mg, and 200 mg fumonisin B 1 /kg feed for 21 days. Body weight gains and efficiency of feed conversion decreased linearly with increasing dietary fumonisin. Liver, kidney, and pancreas weights increased linearly with increasing dietary fumonisin, and spleen and heart weights decreased. Serum aspartate aminotransferase levels increased with increasing dietary fumonisin, and serum cholesterol, alkaline phosphatase, mean cell volume, and mean cell hemoglobin all decreased. Biliary hyperplasia, hypertrophy of Kupffer's cells, thymic cortical atrophy, and moderate widening of the proliferating and degenerating hypertrophied zones of tibial physes were present in poults fed diets containing fumonisin B 1 . Results indicate that fumonisin B 1 , from Fusarium moniliforme culture material, is toxic in young poults, and the poult appears to be more sensitive to fumonisin than the broiler chick.
Poultry rations with high levels of Fusarium contamination have been associated with poor performance, feed refusal, diarrhea, leg weakness, oral lesions, and/or high mortality. 4, 26, 27 In many instances, the predominant species involved was Fusarium moniliforme. There are also several reports of Fusariumcontaminated grains causing mortality in wild birds. 6, 18 Recently, a new group of toxins produced by Fusarium moniliforme that may in part be responsible for these toxicological effects of Fusarium moniliforme-contaminated grain has been characterized. The toxins are collectively called the fumonisins and include fumonisin A 1 , A 2 , B 1 , and B 2 . 1 Fumonisin B 1 (FB 1 ), the major metabolite, is the causative agent in equine leukoencephalomalacia 9,15 and porcine pulmonary edema. 7 Fumonisin B 1 is hepatotoxic in rats 24 and causes m morphological and acrophages in vitro, functional changes in chicken which indicates the possibility of an immunosuppressive effect. 20 Poor performance, increased organ weights, diarrhea, multifocal hepatic necrosis, biliary hyperplasia, and rickets have also been observed in broilers fed FB 1 . 2, 14 The effects of FB 1 in
Materials and methods
Birds. Seventy-two day-old female turkey poults were weighed and randomly assigned to pens in a stainless steel chick battery. Poults were maintained on a 24-hr constant light schedule and were allowed ad libitum access to feed and water. A completely randomized design was used with 4 pen replicates of 6 poults assigned randomly to each of 3 dietary treatments.
Fumonisin culture material. Cultures were grown in 1 -quart (~ 1 liter) canning jars. The lids were modified to allow more air exchange by drilling 0.6 cm holes and covering them with autoclave tape. Whole shelled corn (100 g) and 100 ml distilled water were added to each jar and autoclaved for 30 min (20 kg/cm 2 at 121 C) and allowed to cool to room temperature. Fusarium moniliforme M-1325 a was added to sterilized distilled water, and 2 ml of the suspension was added to the autoclaved jars, and a sterilized glass fiber filter was placed inside the screw-on lid. The autoclave tape was removed from the exterior side of the lid. The jars were shaken and lids loosened to allow for additional respiration. After 24 hr of incubation at 27 C in the dark, the jars were shaken again to insure complete dispersal of the fungal mycelium. The jars were incubated in the dark for a total of 5 wk at 27 C. turkeys have not been previously reported. The objective of the present study was to determine if diets con-Culture material and diet preparation. A 400-ml mixture taining FB 1 from Fusarium moniliforme cultures are of acetone : chloroform (7525) was added directly to each 5-wk-old culture and allowed to stand overnight. The contoxic to young turkeys. tents of each jar was placed in a blender for 30 set and vacuum filtered through a large buchner funnel containing added to rations to make approximately 100 and 200 mg FB 1 /kg. Diets were formulated to be isocaloric and isonitrogenous and either met or exceeded the nutrient requirements of turkey poults as recommended by the National Research Council. 17 Diets were screened and found to be free of the following mycotoxins: aflatoxin, citrinin, sterigmatocystin, zearalenone, ochratoxin A, T-2 toxin, diacetoxyscirpenol, and vomitoxin.
Analytical methodology. Fumonisin B 1 was determined by HPLC by a modification of a previously described procedure. 25 A 50-g sample of ground culture material or ration was extracted with 200 ml acetonitrile : water (1: 1) on a wrist action shaker d for 30 min. A 25-50-ml portion of the extract was filtered through #4 filter paper. b Two milliliters of the filtered extract was combined with 5 ml aqueous 1% potassium chloride (KCl) and applied to a preconditioned C 18 Sep-Pak Vat column. e The column was washed with 2 ml 1% aqueous KC1 followed by 2 ml acetonitrile : 1% aqueous KC1 (1:9), and the eluants were discarded. Fumonisin B, was eluted with 2 ml acetonitrile: water (70:30).
The fluorescamine derivative of FB, was prepared by treating 100 µ1 of the acetonitrile : water eluant with 100 µ1 borate buffer (0.1 M, pH 8-9) followed by 100 µ1 of fluorescamine f (0.4 mg/ml in acetonitrile) in a l-dram brown glass vial. The mixture was allowed to react at room temperature for 1 min, then 0.5 ml acetonitrile : 0.01 M boric acid (40:60) was added. Twenty microliters of the reaction mixture was injected onto an HPLC, equipped with a fluorescence detector h (excitation 390 nm, emission 475 nm) and a 3-cm C 18 analytical column. i The mobile phase was acetonitrile : 1% aqueous KCl : acetic acid (40:59:1). Quantitation was measured as peak height relative to fumonisin B 1 standards. j Experimental feeding trial. The day-old poults were fed diets containing Fusarium moniliforme culture material that supplied 0, 100, or 200 mg FB 1 /kg feed for 21 days. At the end of weeks 1, 2, and 3 of the experiment, poults were weighed individually and feed consumption was determined for each pen. On day 21, poults were lightly anesthetized, k,l and blood samples were collected via cardiac puncture. m Blood serum samples were taken from 12 poults from each treatment. Serum was harvested and analyzed for glucose, urea nitrogen, creatinine, albumin, total protein, cholesterol, total bilirubin, aspartate aminotransferase (AST), alkaline phosphatase (ALKP), and gamma glutamyltransferase (GGT). Serum values were determined using an autoanalyzer. n Whole blood samples were taken from the remaining 12 poults from each treatment for hematologic determinations of red blood cell count, hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular hemoglobin concentration. o Poults were euthanized by cervical dislocation and necropsied. The bursa of Fabricius, gizzard, heart, kidney, liver, pancreas, proventriculus, and spleen were excised and weighed. The tibiae were collected from all poults. Left tibiae were stripped of adhering tissue, and bone-breaking strength of the fresh bone was determined using a universal testing instrument p by measuring the force required to break the bone when placed on 2 supports 20 mm part. The force exerted by a probe descending at 12 cm/min was measured by a pressure-sensitive cell and automatically recorded on chart paper. Right tibiae were stripped of adhering tissue following immersion in boiling water, dried at 100 C for 24 hr, weighed, and dry-ashed at 600 C overnight.
Pathology. After body and organ weights were obtained, samples of proximal tibia, brain, bursa of Fabricius, gizzard, heart, kidney, liver, pancreas, proventriculus, spleen, and thymus from each of 12 poults per experimental treatment were fixed by immersion in 10% neutral buffered formalin (maximum postmortem interval was approximately 60 min). Samples were embedded in paraffin, 6-µm-thick sections were stained with hematoxylin and eosin (HE) and prepared by routine methods. All sections were coded and examined using light microscopy in a blinded fashion by 1 pathologist.
Statistical analysis. Data were analyzed by least squares with orthogonal polynomials used to partition treatment effects into single-degree-of-freedom contrasts. 21 Organ weight data were analyzed on an absolute weight basis with final body weight used as a covariate. 23
Results
Beginning on day 8, the excreta from poults fed FB, were dark and sticky and adhered to the wire mesh pen floors and around the vent area of the poults. This condition persisted to the end of the study. Also beginning at day 8, water intake by poults fed FB, increased.
Food intakes of poults fed diets containing FB, are presented in Table 1. Week 1 intakes increased linearly 3 < 0.05) with increasing dietary FB 1 ; poults on the highest level (200 mg/kg) of FB 1 consumed 23% more feed than controls. Week 2 intakes also increased linearly 3 < 0.05) with increasing dietary FB 1 ; poults on the highest level of FB 1 consumed 17% more feed than controls. Week 3 intakes of poults receiving dietary FB, were not changed 3 > 0.05). Over the combined 3-week period, however, intake was not significantly different 3 > 0.10) among groups of poults.
Body weight gains of poults fed diets containing FB, are presented in Table 1 . Week I body weight gains were not significantly 3 > 0.10) different between treatment groups. Week 2 body weight gains declined linearly 3 < 0.05) with increasing dietary FB 1 ; poults on the highest level (200 mg/kg) of FB 1 gained 11% less than controls. Week 3 body weight gains also declined linearly 3 < 0.05) with increasing dietary FB 1 ; poults that consumed the highest level of FB 1 gained 30% less than controls. Over the combined 3-week period, body weight gains declined linearly (P < 0.05) with increasing dietary FB 1 ; poults on the highest level of FB 1 gained 19% less than controls.
Feed conversion of poults fed diets containing FB 1 is presented in Table 1 . Week 1 feed conversions were not significantly different 3 > 0.10) between treatment groups. During week 2, the ability of poults to convert feed to gain decreased linearly 3 < 0.05) with increasing dietary FB 1 ; poults that consumed the highest level (200 mg/kg) of FB 1 were 32% less efficient than controls. Feed conversion also decreased linearly (P < 0.05) with increasing dietary FB 1 in week 3; poults that consumed the highest level of FB 1 were 29% less efficient than controls. Similarly, over the combined 3-week period, feed conversion decreased linearly (P < 0.05) with increasing dietary FB 1 ; poults that consumed the highest level of FB 1 were 29% less efficient than controls.
Selected organ weights are listed in Table 2 . Absolute weights of liver, kidney, and pancreas increased linearly (P < 0.05) with increasing dietary FB 1 , whereas absolute weights of spleen and heart decreased linearly (P < 0.05). Poults fed 100 mg/kg dietary FB 1 had heavier gizzards (P < 0.05) than controls; however, gizzard weights of poults fed 200 mg/kg dietary FB 1 were similar (quadratic effect, P < 0.05) to those of controls. Kidney, bursa of Fabricius, and proventriculus weights were similar (P > 0.10) between treatment groups. Bone-breaking strength and percent tibia ash were also similar (P > 0.10) between treatment groups and averaged 8.5 kg and 50.7%, 8.6 kg and 51.3%, and 7.9 kg and 50.8%, respectively, for poults fed 0, 100, and 200 mg/kg FB 1 .
Severity of histologic lesions present in poults fed diets containing FB 1 were dose dependent and were not present in tissues from poults serving as controls. There was mild biliary hyperplasia with hyperplasia. and hypertrophy of Kupffer's cells in livers of poults fed 100 mg/kg FB 1 . There was also mild dilation of crypts in the ventricular lining epithelium and multi-. focal heterophil infiltration into the overlying koilin lining (Fig. 1) . There was moderate multifocal hematopoiesis in the myocardium. Poults given feed containing 200 mg/kg FB 1 had similar but more severe hepatic and proventricular changes (Fig. 2) . In addition, poults fed this higher level had moderate widening of the proliferating and degenerating hypertrophied zones of tibial physes (Fig. 3) , moderate to severe diffuse thymic cortical thinning (Fig. 4) , mild bursal follicular atrophy, and mild splenic lymphocyte depletion compared with poults fed control diets.
Serum biochemical values are summarized in Table  3 . Serum ALKP decreased linearly (P < 0.05) with increasing dietary FB 1 . Serum cholesterol levels of poults fed 100 mg/kg dietary FB 1 were lower than those of controls but were similar (quadratic effect, P < 0.05) to those of poults fed 200 mg/kg dietary FB 1 . In contrast, serum AST levels of poults fed 100 mg/kg dietary FB 1 were higher than those of control poults but similar (quadratic effect, P < 0.05) to those of poults fed 200 mg/kg dietary FB,. Serum albumin, bilirubin, and GGT were similar (P > 0.10) between treatment groups.
Serum glucose, urea nitrogen, creatinine, and total protein were also similar between treatment groups (data not shown).
Hematology results are shown in Table 4 . Mean cell volume (MCV) and mean cell hemoglobin (MCH) both decreased linearly (P < 0.05) with increasing dietary FB 1 . Red blood cell count, hemoglobin, hematocrit, and mean cell hemoglobin concentrations (MCHC)
were not different (P < 0.10) from normal values.
Discussion
Depression in body weight gains, poor feed conversions, and diarrhea observed in this study were also observed previously in broilers fed FB 1 . 2, 14 The diarrhea observed in this study has also been reported previously in broilers fed Fusarium-infected corn; 22 a depression in diet dry matter digestibility was associated with this phenomenon and may have been a contributing factor to the depression in weight gains observed in this study. Depressed weight gains have also been demonstrated in rats fed diets containing Fusarium moniliforme culture material that supplied 117 mg fumonisin B 1 /kg diet. 24 Increased organ weights with increasing dietary fumonisin observed in this study have been reported previously in broilers fed fumonisin. 2,14 Increased organ weights have also been observed in broilers fed diets containing the Fusarium mycotoxins deoxynivalenol and T-2 . 8, 13 Increases in organ weights appear to be characteristic of some mycotoxicoses in poultry. In contrast to turkeys and broilers, dietary FB 1 (93-139 mg/kg FB 1 ) has been shown to decrease absolute liver weights in rats. 24 present in poults fed 2100 mg/kg. Tibial lesions, however, were not severe enough to cause a decrease in either bone-breaking strength or tibia ash. Rickets has been seen in poultry consuming rations with Fusarium 5,10 and Fusarium moniliforme, 2,14,22 but the causative toxin and the pathologic mechanism of its induction have not been determined. In the present trial, diarrhea in fumonisin-treated poults may have led to intestinal malabsorption or maldigestion of vitamin D, calcium or phosporus, resulting in secondary rickets. Both hepatic and bone lesions were not present in broilers until doses reached 200 mg/kg, which suggests increased susceptibility of turkeys for these lesions. Conversely, thymic cortical atrophy was only present in poults fed 200 mg/kg, whereas broilers fed 100 mg/kg had this lesion. Thymic cortical atrophy is frequently seen in broiler chicks undergoing disease stress. No immunologic assessment of the impact of this thymic lesion was attempted in this study, but Fusarium equiseti 3 and Fusarium moniliforme 16 suppress humoral immunity in chickens. Fumonisin B 1 also induces morphological and functional alterations in chicken macrophages. 20 At the time this study was initiated, no reports of fumonisin-associated diarrhea were present in the literature, therefore intestinal sections were not collected.
Histologic lesions in the livers of poults fed ≥ 100 mg/kg fumonisin B 1 were similar to those reported in broilers, 2,14 horses, 15 and rats. 24 Tibia1 lesions were The increase in AST activity observed in the present study also has been observed in broilers, 14 rats, 24 and pigs 19 fed fumonisin. Increases in AST activity are indicative of organ damage and leakage of the enzyme into the blood and provide evidence of toxicosis.
Decreases in MCV and MCH are indicative of a microcytic anemia. Decreases in MCV and MCHC have been observed previously in broilers fed deoxynivalenol 12, 13 and T-2 toxin, 11 other mycotoxins produced by the genus Fusarium.
Dietary fumonisin resulted in depressed gains, in- creased organ weights, diarrhea, thymic cortical atrophy, hypertrophy of Kupffer's cells, biliary hyperplasia, and rickets in turkey poults fed diets for 21 days. Results indicate that fumonisin B 1 , from Fusarium moniliforme culture material, is toxic in young poults and the level necessary to promote toxicosis is < 100 mg/ kg .
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